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A B S T R A C T   
The use of adhesives constitutes a well-established technology in the aeronautical and automotive industries. A 
rising interest in the use of these materials has appeared in naval industry, where using adhesives in non- 
structural areas implies the reduction of welding to fix low weight components, making the joining process 
cheaper and faster. Among the different families of available adhesives, double-sided Pressure Sensitive Adhe-
sives (PSAs) are considered of great industrial interest. A high performance PSA has been employed to join 
specimens of carbon steel coated with an epoxy painting scheme approved by the naval sector. The present paper 
reports for the first time the influence of some experimental application variables of this PSA-coated naval steel 
system on its mechanical behaviour. Standard shear and tensile tests have shown that the curing conditions, 
surface preparation and paint roughness have considerable effects on the resistance of these adhesive joints.   
1. Introduction 
Industrial development has led to the increasingly widespread use of 
modern, lightweight materials. In this context, there is an increasing 
demand for adhesives as bonding materials, since they are a light and 
cheap industrial solution [1–4]. In addition, they are easy to apply, and 
provide zero risk to the applicator [5]. Adhesive bonding is a 
well-established technology in the aeronautical and automotive in-
dustries, due to its low cost, good damping behaviour and mechanical 
properties [1,6–9]. It has been detected that there is a growing interest 
in the use of these materials in other industrial sectors, such as ship-
building. This industry is exploring the possibility of using adhesives in 
non-structural areas of the ship that are generally welded, such as 
component supports or lightweight parts. This change would speed up 
the bonding process and make it cheaper [1–3,6,7]. 
Adhesives are especially interesting in shipbuilding to joint non- 
structural components to already painted (and sometimes already 
certified) structures, as bulkheads and decks (common naval terms to 
refer to ship walls and ceilings, respectively). These components can be 
fixed to bulkheads at both vertical and horizontal positions, the adhe-
sives mainly working at shear stress. The components can also be joined 
to deck ceilings at overhead position, the adhesive mainly working in 
this case at tensile stress. The main advantages of using adhesives, in 
comparison with traditional welding techniques, rely on the low price 
and easy application. Thus, if a component is required to be joint by 
welding to painted structures, the process needs to sandblast the joining 
surfaces before welding, and re-paint the zone after welding. Sometimes, 
the painted structures have been certified by the customer before 
detecting the need of joining the components. In this cases, welded and 
re-painted structures need to be again certified, making this traditional 
welding process a very expensive and time consuming joining technol-
ogy. From this point of view, the use of adhesives is clearly advanta-
geous to joint pieces to painted surfaces, as there is no need to sandblast 
and repaint the structure, as they can be directly applied to coated zones. 
Re-certification processes are also avoided with adhesives. 
Recently, many industrial sectors have opted for the use of adhesive 
tapes. These adhesives are attracting interest as they do not require post- 
application treatments [1]. There are different types of adhesive tapes, 
mainly classified into two groups: single-sided adhesive films and 
double-sided adhesive tapes. The former one generally consists of a rigid 
film of adhesive, usually employed for sealing, retention and repairing 
works. On the other hand, double-sided adhesive tapes, including 
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Pressure Sensitive Adhesives (PSAs), are generally used to bond sub-
strates. PSAs generally consist of a flexible viscoelastic backing, with a 
layer of adhesive at both parts of this backing that generates the joint by 
contact under pressure [1]. Currently, PSAs are actively applied in 
different industrial sectors, such as aerospace and the automotive sector 
[6]. 
Currently, there is a wide variety of PSAs that differ in the nature of 
the adhesive base (acrylic, rubber or silicone), the supporting material 
(backing), and the manufacture process. Most PSAs used at the industrial 
level are acrylic, due to the diversity of acrylic monomers and their good 
properties. The most important properties for the industrial sector are: 
low price, self-adhesive properties, and the high resistance to 
weathering [7]. To achieve these properties, different polymers are 
mixed, adjusting their molecular weight and distribution. This is carried 
out by copolymerization reaction with a polar monomer and by varying 
the curing system [10–13]. Acrylic PSAs are usually made up of three 
main segments [6]: i) Soft monomers with a low glass transition tem-
perature (Tg), necessary to give the material stickiness; ii) Hard mono-
mers with a high Tg, which provides internal strength to the adhesive; 
and iii) Functional monomers, such as acrylic acid, in order to provide 
active centres to the adhesive. 
Within the high range of available PSAs, a relatively new generation 
of these adhesives are available in the market, catalogued as of high 
performance. These high performance PSAs differ from the common 
Fig. 1. Examples of components which can be fixed by PSA to bulkheads: a) split air conditioner, b) electrical panels, c) lights and switches and d) signage.  
Fig. 2. Examples of components which can be fixed by PSA to ceiling in overhead position: a) naval lights, c) cable trays.  
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acrylic PSAs in the internal structure of the polymer, which is modified 
by adding different monomers during the adhesive polymerization re-
action and by diffusion of enhancers [14]. These monomers give the 
adhesive a greater elastic modulus and resistance to temperature, to 
solvents and to gas permeability [1,15–17]. 
PSAs are nowadays used to bond a large number of surfaces, as 
polymethacrylate [2], stainless steel and polyisobutylene [18], poly-
propylene [19], glass [20], and aluminium and carbon fiber reinforced 
polymer (CFRP) [21]. Depending on the characteristics of the surfaces to 
be joined, paying special attention to surface energy, the behaviour of 
these PSAs can be modified by different surface treatments. These sur-
face treatments work by introducing active functional groups that lead 
to better wettability and adhesion for low surface energy surfaces 
[22–25]. Another factor to take into account to achieve good mechanical 
contact between the surfaces to be joined is the surface roughness. Ac-
cording to Ref. [26], a high average roughness of the adhesive or sub-
strate may cause incomplete bonding, due to the presence of air bubbles 
trapped at the interface between the adhesive and the surface. These 
bubbles can act as nucleation sites for cavities in the early stages of the 
failure process [26]. On the other hand, the performance of the PSA has 
been reported to be affected by the degree of polymer crosslinking [9]. 
The thickness of the tape determines the flexibility properties of the 
adhesive, and with it, its possible applications [27], while the degree of 
polymer crosslinking defines the PSA adhesion ability [8,12]. 
The use of different types of adhesives in the shipbuilding industry is 
being increased [28]. However, according to the research literature 
revised, as far as the authors are concerned, PSAs have not been yet used 
to join substrates coated with paints approved by the naval sector. The 
use of this type of adhesives could be an excellent alternative to the 
welding process of non-structural elements. Figs. 1 and 2 depict different 
examples of components usually connected to coated steel in ship-
building industry, and therefore, possible candidates to be joint by PSA. 
Fig. 1 shows examples of components joined to bulkheads, while Fig. 2, 
to overhead sealings. As stated above, the replacement of welding of not 
critical components by PSAs would imply a lower cost of the joining 
process, as well as a saving in manufacturing time. 
As stated previously, no published research studies dealing with the 
use of PSAs to join coated naval steel elements have been reported. In 
fact, very little is known so far about the application possibilities of this 
bonding technology to substrates coated by painting schemes approved 
by the naval sector. The present paper aims to cover this gap of tech-
nological and research knowledge. The concise objective of this contri-
bution has been focussed on studying the mechanical behaviour 
(including both shear and tensile resistance) of a high performance PSA 
to join steel samples coated with a naval painting scheme. The effect of 
different experimental parameters related to the application conditions 
of this PSA has been analysed. Thus, the influence of the surface 
roughness, surface preparation, curing time, compression force and 
compression time is deeply analysed. The mechanical strength of the 
joints is tested by standard tensile tests to simulate the bonding behav-
iour of the component to the painted structure of the ship. Shear tests are 
carried out to simulate the joints of components to painted bulkhead, 
while tensile tests are performed to evaluate the behaviour of PSA when 
used to join elements at the painted ceiling of the ship. 
2. Materials and methods 
Samples of naval carbon steel S355 J2 + N (UNE-EN ISO 10025), 
whose composition is detailed in Table 1, were sandblasted to Sa 2 ½ 
grade. These samples were covered 
with an epoxy paint scheme commonly used by the naval sector. The 
scheme is made of 3 layers, two 300 μm thick internal layers of PPG 
Sigmashield 880 (two epoxy components cured with a high thickness 
polyamine adduct, Sigma Coatings, PPG Protective and Marine Coat-
ings, Pittsburgh, Pennsylvania, U.S.) and one 125 μm thick external 
layer of PPG PSX700 (two siloxane based components, PPG PSX700, 
PPG Protective and Marine Coatings, Pittsburgh, Pennsylvania, U.S.). 
Fig. 3 presents the schemes of the 3 experimental assemblies 
mounted to perform the mechanical tests. Fig. 3a shows the assembly 
used to perform the shear mechanical tests, while Fig. 3b and c depict 
the mounted assemblies employed to carry out the tensile tests. 
Table 1 
Chemical composition of naval carbon steel S355 J2 + N (wt. %).  
Chemical Composition (wt. %) C Si Mn P S 
≤0.20 ≤0.03 ≤1.60 ≤0.04 ≤0.04  
Fig. 3. Joint assemblies to perform: (a) shear tests to painted samples, (b) tensile tests to painted samples, and (c) tensile tests to bare samples.  
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Before mounting the assemblies shown in Fig. 3, the surface 
roughness of the different samples was measured using a roughness 
meter adapted with a surface probe (Perthmeter PGK 120, Mahr), 
placing the measuring probe on the surfaces so that it ran through the 
area to be joined. The roughness values reported in the paper correspond 
to the mean arithmetic roughness parameter (Ra). Note that two 
different surfaces were considered, the external paint layer of the coated 
naval steel samples, and the surface of the bare steel T-profiles used in 
assemblies shown in Fig. 3b and c. Note that these T surfaces were 
ground with 1200 grit water grinding paper before the roughness 
measuring. 
After roughness measurements, the samples were subjected to 
different cleaning procedures, all of them proven experimentally to keep 
the paints unaltered, that is, assuring that the products used do not 
dissolve the external layer of the painting scheme. In order to evaluate 
the influence of the cleaning methodology on the mechanical resistance 
of the joints, three different surface treatments were tested, encoded as 
T1 to T3, as summarised in Table 2. T1 was based on a simple process 
consisting of a careful removal of dust with standard commercial dry 
laboratory paper. T2 consisted of a cleaning with paper impregnated 
with isopropanol. In T3 procedure, samples were firstly cleaned with 
Table 2 




T1 Cleaning with dry paper 
T2 Cleaning with isopropanol 
T3 Cleaning with isopropanol + application of adhesion 
promoter (FCP 60153)  
Table 3 
Parameters values of analysed curing conditions (reference parameters recom-
mended by the manufacturer highlighted in bold).  
Parameter Unit Parameter Values 
Compression force Newton (N/cm2) 10 15 30 60 
Compression time Minutes (min) 0.5 1 5 10 
Curing time Hours (h) 0 6 24 72 168  
Fig. 4. Scheme of the overall experimental procedure followed to prepare and test the PSA joints.  
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paper impregnated with isopropanol and subsequently treated with an 
adhesion promoter (FCP 60153, TESA). 
After cleaning the samples, the different joints were assembled, as 
described in Fig. 3. A high performance PSA (double-sided adhesive tape 
composed of polymer foam, reference 92,111, TESA, Germany) was 
used for all joints. This PSA is commercially catalogued as high initial 
bonding performance, claimed to provide superior bonding performance 
right after application. This PSA is a double-side black foam with a 
thickness of 1.1 mm. It is distributed in different formats; rectangular 
sections of 1.0 × 1.9 cm2 of area were used in this study. 
The application of PSA involves the control of different experimental 
parameters. The curing process is fundamentally conditioned by three 
parameters: the curing time, the compression force and the compression 
time. In order to achieve the maximum mechanical performance of the 
PSA used in the present work, these three aforementioned variables 
were studied. After cleaning the samples, the joints were assembled and 
subjected to a compression process, with controlled values of time and 
pressure, using a Shimadzu universal test equipment with a capacity of 
10 kN. Once the joint was compressed, it was allowed to cure for a 
period of time and subsequently tested. The different joint probes were 
obtained by modifying the values of one of the different curing variables 
described, leaving the remaining parameters fixed. These values are 
specified in Table 3. 
After the compression step, the assembly joints were left to cure at 
room temperature (21 ◦C) and a relative humidity of 60%. After the 
curing time, the joints were subjected to mechanical tensile tests. The 
lap assembly joints shown in Fig. 3a allowed the evaluation of the shear 
resistance of joints, while the tensile resistance were tested by the joints 
shown in Fig. 3b and c. Both shear and tensile tests were carried out at a 
constant speed of 10 mm/min, following the recommendations of the 
Standard ISO 15870. All mechanical tests have been performed in trip-
licate in order to check the reproducibility, and to estimate the average 
and standard deviation of results. Different mechanical properties have 
been extracted from the obtained Stress-Strain curves: Ultimate Tensile 
Strength, UTS (the maximum stress values provided by the Stress-Strain 
curve), Ductility (Elongation at fracture), and static Toughness (overall 
area below the Stress-Strain curve, estimated by integration of the 6th 
degree full polynomial that better fitted to each curve). 
Fig. 4 summarised the overall experimental procedure followed, 
including all the steps described above, as sandblasting, painting, PSA 
assembly preparations, compression, curing, and testing. 
After testing the joints, the evaluation of the rupture model was 
performed according to the criteria established in the UNE-ISO 10365 
Standard. To precisely define the type of fracture, image analysis soft-
ware was used to calculate the proportion of the total area of adhesive 
remaining on each side of the joint. This result is an index, a percentage 
of cohesive failure of the bond. The best possible output is to have a 
100% of cohesive rupture, indicating that the whole area of PSA has 
properly adhered to the substrate and, therefore, that it works effec-
tively opposing resistance to the efforts. Meanwhile, low percentage of 
cohesive failure means that low effective adhesion between the PSA and 
coated samples takes place, resulting in an adhesive rupture. 
Fig. 5 shows examples of real images and software treated images to 
estimate the percentage of cohesive failure. Images a, c and e are real 
images, obtained with a camera, while b. d and f are those obtained after 
software analysis treatment of real images. In the examples of the figure, 
a sample subjected to cleaning procedure T3, images e and f, underwent 
a cohesive rupture close to 100%. The opposite took place for a sample 
after T1, corresponding to images a and b, where a 100% of adhesive 
failure is observed. Images c and d, obtained after T2, show an inter-
mediate behaviour, reflected in a 65% of adhesive failure. 
3. Results and discussion 
3.1. Comparison between PSA adhesion to bare steel and to painted steel 
In this first section of the results, the adhesion provided by the high- 
performance PSA when joining bare steel samples is compared to that 
obtained when joining painted samples. Before performing the me-
chanical tests, the roughness of both kinds of surfaces was measured. 
Fig. 6 shows the roughness, in terms of Ra values, of painted samples and 
bare surfaces used in the present study. It can be observed that the 
roughness of the paint is almost the double than that of bare steel. 
Joint assemblies were prepared following the schemes shown in 
Fig. 3 (b and c), using bare T steel supports. Reference curing conditions 
were followed in these tests: Compression force of 15 N, Compression 
time of 1 min, and Curing time of 72 h. Surface treatment T3 was applied 
to the samples. After completing the bonding process, 3 replicas of each 
system were subjected to tensile tests. The average and standard devi-
ation of the obtained maximum tensile strength (UTS) values are pre-
sented in Fig. 7. Slightly higher UTS values were measured for the bare 
steel. These results bring to light the good performance of the optimized 
curing conditions applied to PSA. The UTS values of the PSA 92111 were 
slightly higher than those obtained by similar PSAs [29,30]. Interest-
ingly, the strength of this high performance PSA is considerably higher 
than other standard commercial PSAs. Thus, after the optimization of 
the curing process, the PSA 92111 reached a UTS of 1.6 MPa, while the 
typical PSAs display values between 0.3 and 1 MPa [31–35]. 
Figs. 6 and 7 show that surface roughness is an important parameter 
Fig. 5. Examples of real images (a, c and e) and software treated images (b, 
d and f) of samples after shear tests with surface treatment T1 (images a and b), 
T2 (images c and d) and T3 (images e and f). 
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in the adhesion process, and therefore decisive in the behaviour of the 
surface-PSA bond [27]. The slightly lower UTS values measured for the 
painted steel joint with respect to the bare steel are reported in previous 
works that can have its origin in a greater amount of air bubbles that can 
be trapped at the interface, due to their greater roughness, preventing a 
full contact painted steel-PSA [28]. In the present study, the authors 
relate this UTS decrease to the low surface energy of painted steel. Low 
surface energy is reported to limit the strength of the joint [28,37]. In 
fact, different surface treatments are studied in subsequent sections of 
this paper to achieve an increase in the surface energy of the painted 
steel and with it, strengthen the van der Waals bonds (dominant bonding 
of the PSA union), as well as accommodate the pH of the surface, 
improving the joint properties [38]. 
It is important to highlight the need to carry out the study reported in 
this section, to verify that the joint outlined in Fig. 3 (b) specifically 
evaluates the tensile strength of the painted steel-PSA joint. Fig. 7 shows 
that the bare steel-PSA connection is stronger than the painted steel-PSA 
connection. In fact, all tensile tests performed with scheme b of Fig. 3 in 
the present research were observed to fracture at the painted steel-PSA 
interface. With this, the proposed methodology for evaluating the tensile 
strength of painted steel-PSA by following this scheme b of Fig. 3 is 
validated and approved, as the PSA-bare steel connection is always 
Fig. 6. Comparison between roughness (Ra) of painted and bare steel samples.  
Fig. 7. Strength of the joint formed by steel surfaces joined with PSA and steel surface attached to painted surface.  
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stronger than the PSA-paint connection. 
3.2. Influence of surface treatment 
To counteract the effect of the low surface energy of painted steel, 
the influence of surface preparation on the mechanical behaviour of 
joints has been analysed. For this, three different conditions have been 
evaluated (as indicated in Table 1): T1 (paper cleaning), T2 (isopropanol 
cleaning), and T3 (isopropanol cleaning followed by adhesion 
promoter). The tests have been carried out maintaining the curing var-
iables recommended by the manufacturer (highlighted in bold in 
Table 1). Fig. 8 shows the UTS results for shear and tensile configura-
tions, assembled as shown in schemes a and b of Fig. 3, respectively. It 
can be seen in Fig. 8 that the adhesion in both configurations improves 
after applying the adhesion promoter (T3). The fact of incorporating 
functional groups to a practically inactive surface, due to its low surface 
energy, implies an increase in wettability, and with it, an improvement 
in bond strength [23]. 
Fig. 8. Study of different surface preparation methods to improve the strength of the joint.  
Fig. 9. Representative Stress-Elongation curves of tensile and shear tests of PSA joints.  
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Representative Stress-Elongation curves of the tensile and shear tests 
of the joints with surface treatment T3 are shown in Fig. 9. It can be seen 
in this figure that when the joint is subjected to shear stress, the PSA 
shows a greater YS and UTS values than when subjected to tensile stress. 
Thus, both YS and UTS values practically coincide in shear test, as very 
low plastic region appear. This means that this PSA presents relatively 
high UTS values, but low ductility and toughness values under shear 
stress. In the case of the tensile tests, the adhesive develops considerable 
deformation and toughness after the yield strength, showing a plateau at 
the plastic region, but limited UTS values. This tensile curve shape is 
characteristic of elastomer materials, as they absorb higher amounts of 
energy while stretching, showing high toughness [36,39–42]. 
The overall results of this section show that both roughness and 
surface treatments have important effects on the PSA mechanical per-
formance. Low roughness surfaces and the application of adhesion 
promoter are important considerations to improve the bonding ability of 
the PSA. 
3.3. Influence of curing time 
The influence of the different curing parameters on the PSA tensile 
and shear mechanical behaviour is covered in sections 3.3 to 3.5. In 
these following sections, T3 surface treatment was applied to all joints. 
Some additional parameters are taken into account, such as the per-
centage of cohesive rupture, the toughness and ductility of the joints. 
Fig. 10 depicts the UTS values, for both tensile and shear tests, 
Fig. 10. Influence of PSA curing time on UTS values of shear and tensile tests.  
Fig. 11. Percentage of cohesive fracture of shear and tensile joints for different curing times.  
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obtained when the curing time of the PSA was modified. In these tests, 
the other variables were kept constant: 15 N/cm2 of compression force 
during 1 min. Similar and relatively high values were measured for all 
curing time values tested. It is especially interesting to note that even 
though at 0 h of curing time (testing just after joining the samples), the 
PSA works with high performance. This represents an advantage over 
other adhesives because this kind of adhesives reach a high percentage 
of their maximum resistance from the first moment of application. 
Fig. 11 reports the percentage values of cohesive fracture of shear 
and tensile joints for different curing times. It can be seen that the tested 
joint after being assembled has a practically adhesive break. However, 
with a curing time of 6 h, a practically cohesive fracture is observed at 
shear tests. These results indicate that the adhesive begins to work at 
almost maximum shear performance just after 6 h of curing time. 
Therefore, a reduction of curing time from the 72 h recommended by the 
manufacturer to just 6 h, does not seem to generate a significant loss of 
shear resistance in this PSA. Concerning the tensile behaviour of the 
PSA, it is noticeable that the percentage of cohesive fracture increases 
linearly with the curing time, reaching its maximum value at 168 h. 
These results indicate that longer curing times are recommended if the 
PSA is required to work at tensile stress. 
Fig. 12 shows the toughness of the adhesive for the different curing 
times studied. For shear tests, similar and low values of static toughness 
are observed, with a little increase for a curing time of 168 h. The joints 
subjected to tensile stress presented much higher toughness values that 
the shear joints, as expected from the shape of the representative stress- 
Fig. 12. Toughness measured for shear and tensile tests of PSA as a function of the curing time.  
Fig. 13. PSA elongation for different mature times studied.  
M. Ortega-Iguña et al.                                                                                                                                                                                                                         
Polymer Testing 93 (2021) 106894
10
elongation curves of the tests (Fig. 9). This tensile joints also presented 
the maximum toughness values for the highest curing time tested (168 
h). These data indicate that for tensile stresses, the curing time has a 
strong influence of UTS and toughness of the joints, being recommended 
to work with relatively high values of curing times. 
Fig. 13 shows the ductility values of the PSA, extracted from the 
shear and tensile tests, for the different curing times. For shear tests, the 
curing time does not influence much the ductility of the PSA, as 
considerable low values (10–15%) of plastic deformation at fracture are 
always measured. However, when the PSA is subjected to tensile stress, 
noticeable high plastic deformation are measured (always higher than 
80%), increasing this ductility with the curing time. Thus, the best 
ductility result, close to 450%, is observed for 168 h of curing time. 
Therefore, according to these before discussed results, the PSA al-
ways presents higher UTS values at shear than at tensile stress, although 
the ductility and toughness are clearly better at tensile configuration. 
The influence of the curing time has been observed to be different for 
shear and tensile stresses. Thus, at shear configuration, the maximum 
UTS value and reasonable high percentage of cohesive fracture appear at 
only 6 h of curing time. Meanwhile, at tensile stress, 168 h of curing time 
are observed to be needed to obtain high values of cohesive fracture. 
3.4. Influence of compression force 
Fig. 14 shows the UTS results of tensile and shear tests when the 
applied compression force was modified. It is important to consider that 
Fig. 14. Variation of the UTS values of shear and tensile tests as a function of the compression force applied.  
Fig. 15. Percentage of cohesive fracture of tensile and shear tests as a function of the compression force applied.  
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compression force values are referred to the applied force per cm2 of 
PSA. This figure shows a slight increase in shear strength when 30 N/ 
cm2 is applied. However, this improvement is not seen in the tensile 
tests, where the results are similar regardless of the applied compression 
force, indicating that this variable does not significantly affect the ten-
sile strength. 
Fig. 15 shows the percentage of cohesive fracture measured for both 
shear and tensile tests, when the applied compression force was modi-
fied. In shear configuration, the results are quite satisfactory, as higher 
values than 80% are achieved for all tests. Although slightly higher UTS 
results were observed when 15 or 30 N/cm2 was applied, similar values 
were measured in all cases. In tensile tests, all values were lower than 
70%, although the percentage of cohesive fracture rises as the 
compression force increases. Thus, when the compression force was 
increased from 10 to 30 N/cm2 the percentage of cohesive fracture 
measured was enhanced from 28% to 65%. 
In view of the results obtained in Figs. 14 and 15, the compression 
force of 30 N/cm2 seems to be the most appropriate for the PSA work in 
both configurations. Fig. 16 shows the toughness results obtained for 
both shear and tensile tests after applying different compression forces. 
When the PSA was subjected to shear stress, the toughness ranged from 
0.5 to 0.6 J/m3, while for tensile tests, the toughness reached between 
3.3 and 4.0 J/m3. 
Fig. 17 depicts the ductility of the tested joints. As expected, similar 
low plastic deformation values were measured for all shear tests. 
Meanwhile, for the tensile tests, all ductility values were higher than 
Fig. 16. Effect of the compression force on the toughness of the PSA.  
Fig. 17. Ductility for the tensile and shear tests, in function of the compression force applied to the PSA.  
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350%, being 480% the highest result, obtained when a compression 
force of 60 N/cm2 was applied. 
In short, taking into account the overall results of this section, it 
seems that 30 N/cm2 is an adequate compression force for both tensile 
and shear configurations. This condition leads to a good combination of 
high values of UTS, percentage of cohesive adhesion, ductility, and 
toughness. 
3.5. Influence of compression time 
Fig. 18 displays the UTS results of both shear and tensile tests in 
function of the compression time. As in previous sections, UTS of shear 
tests were higher than those of tensile tests. The figure shows that an 
increase in compression time does not lead to a significant improvement 
in joint strength. It is observed that for the shortest compression time 
studied, 0.5 min, the joints already achieves an acceptable mechanical 
performance, comparable to the rest of the compression times studied. 
For tensile configuration, slightly higher UTS values were measured 
above 5 min of compression, reaching UTS values above 1 MPa. 
Fig. 19 shows the percentage of cohesive fracture of the mechanical 
tests. Figs. 18 and 19 indicate that for shear configuration, 1 min of 
compression time is enough to achieve maximum PSA adhesion to the 
painted surface. For tensile configuration, an increase in compression 
time leads to a slight improvement in PSA adhesion to surfaces, 
observable at the higher values of both UTS and percentage of cohesive 
fracture. 
Fig. 18. Variation of the UTS values of shear and tensile tests as a function of the compression time.  
Fig. 19. Percentage of cohesive fracture of tensile and shear tests as a function of the compression time.  
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Fig. 20 shows the toughness results obtained from the shear and 
tensile tests, in function of the different compression times studied. 
When the PSA is subjected to shear stress, the compression time is not 
influential in the toughness developed by the adhesive. For tensile tests, 
an improvement in toughness is observed when a compression time of 5 
min is applied. These toughness results agree with those of UTS (Fig. 18), 
improving both properties when high values of compression times are 
employed. 
Fig. 21 shows the ductility of the PSA after mechanical tests. As ex-
pected, in the shear tests, the plastic deformation is again low and 
practically the same for the different compression times studied. In the 
case of tensile tests, and as reflected in the toughness graph, the highest 
elongation is obtained for a compression time of 5 min. 
After analysing the influence of the compression time, the overall 
results show that for shear configuration, 1 min of compression time is 
enough to achieve maximum PSA adhesion, while for tensile configu-
ration joints, 5 min are required to obtain reasonable mechanical 
behaviour. 
4. Conclusions 
In the present work, the mechanical behaviour of a high performance 
Pressure Sensitive Adhesive has been studied when applied to steel 
samples coated with an epoxy coating scheme commonly used by the 
naval industry. As far as the authors are concerned, it is the first research 
study analysing the influence of experimental application variables of 
Fig. 20. Effect of compression time on the PSA toughness.  
Fig. 21. Effect of compression time on the PSA ductility.  
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this PSA-coated system on the mechanical behaviour of joints. Standard 
shear and tensile tests have allowed us to obtain the values of UTS, 
percentage of cohesive fracture, ductility and toughness of different 
joints configurations. In general terms, the PSA shows higher UTS and 
percentage of cohesive fracture in shear configuration, while higher 
ductility and toughness in tensile configuration. 
The surface roughness, the application of surface treatments, and the 
curing conditions have been proved to have important effects on the PSA 
mechanical performance. Low roughness and the application of adhe-
sion promoter to activate the paint surface have been checked to be 
positive to improve the bonding behaviour of the PSA. The curing time 
has been observed to affect differently at shear and tensile tests. Thus, 
while reasonable good mechanical performance is measured at only 6 h 
of curing time at shear configuration, 168 h of curing time are recom-
mended for tensile tests. The compression force is also checked to be 
important. 30 N/cm2 seems a suitable value for both tensile and shear 
configurations. Concerning the compression time, 1 min is enough to 
achieve reasonable mechanical behaviour for shear configuration, while 
5 min are required for tensile configuration. 
Regardless of these different experimental application conditions 
leading to the best mechanical performance at shear and tensile 
configuration, in general terms, the mechanical behaviour of the joints is 
similar in the range of studied values of curing time (0–168 h), 
compression force (10–60 N) and compression time (0.5–10 min). These 
results are of great industrial interest, as they show that this PSA 
maintains high performance with different experimental curing 
conditions. 
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